Introduction
In the last decades, important diagnostics and therapeutics progress has been achieved, which has allowed a better knowledge of physiopathology of the gastroesophageal reflux disease (GERD). 1 Currently, GERD is considered as a heterogeneous multi-symptomatic disease, thus, it is reasonable to say that there is no gold standard test. Usually, a combination of several diagnostic tools (questionnaires, endoscopy, etc) is used to make the diagnosis. 2 The decision about which test will be used, when it will be used and what will be the benefit for diagnosis depends on several factors, such as costs and avaibility at the primary care level.
Several strategies have been developed to diagnose GERD without the need of invasive studies. Questionnaires are one of these tools, which allow an objective assessment of symptoms. 3 These questionnaires are constructs that usually include a series of questions to assess severity (most of the times using scales like Likert's scale), frequency, related phenomena, nighttime symptoms and sometimes quality of life. Advantages of questionnaires include that they can be self-administered, used as screening tools, their low cost and can be applied to any subject suffering from GERD.
In the literature, there are at least 20 questionnaires described; Carlsson-Dent, 4 ReQuest 5 and GerdQ 6 questionnaires are the most used. Once a questionnaire is completed a score is established and there is a pre-established cut off point, which allow determining likelihood of GERD. For instance, a score higher than 8 (scale from 0 to 18) in the GerdQ is related to a likelihood of esophageal erosions or abnormal pH-metry in over 50 % of the cases. 6 The GerdQ is a 6-item tool developed to contribute to GERD diagnosis based on the symptoms found in patients who attend at primary care. One advantage of this questionnaire is that it was developed from 3 questionnaires that assess different aspects of GERD: the questionnaire for reflux disease (reflux disease questionnaire), 7 the scale for assessment of gastrointestinal symptoms (gastrointestinal symptom rating scale) 8 and the reflux disease impact scale (gastroesophageal reflux disease impact scale). 9 Thus, GerdQ is useful and helps to made diagnostic decisions since it can differentiate between symptoms due to temporary reflux and frequent symptoms (which affect individual's daily performance). Also, GerdQ permits monitoring the effects of treatments on long-term patient's symptoms. In this study, our aim was to validate and assess diagnostic usefulness of GerdQ questionnaire for the diagnostic of GERD in Mexican patients who seek for first level medical care (general practice).
M aterials and M ethods
The study was performed in 3 phases: (1) a questionnaire translation and comprehension study (n = 20), (2) a reproducibility and validation study (50 patients and 50 controls) and (3) a study to assess the clinical utility in 252 subjects with GERD symptoms.
Translation and Comprehension Study

Questionnaire
The questionnaire is composed of 6 items, 4 of which assess symptoms and situations considered positive predictors for GERD diagnosis: heartburn, regurgitations, disorders related to sleep and use of over the counter products. Other 2 items assess 2 symptoms considered negative predictors for reflux, such as nausea and epigastric pain. Patient answers each question about symptoms frequency during last week using a Likert like scale from 0 to 3 for positive predictors and from 3 to 0 for negative predictors ( Table 1 ). The maximum score that can be obtained is 18.
Translation
Two independent Gastroenterologists natives of Mexico (ARD and JMRT) performed translation of the English text into Spanish. Each investigator's translations were compiled to pro- duce finally the first draft of agreed joint translation.
Questionnaire comprehension
The questionnaire's first draft was applied by means of clinical interview to a small sample of patients with a previous symptomatic and endoscopic diagnosis of GERD (n = 20), whose education level was low (elementary education) to ensure understanding by any type of patients. The validation process was performed in the Laboratory of Digestive Physiology and Gastrointestinal Motility, Universidad Veracruzana. According to the responses, questions and answers were discussed with patients and appropriate changes were made afterwards.
Questionnaire back-translation into English
A native translator not familiar with the original English version performed the back-translation of the Spanish version. Afterwards a team composed by the investigators and the translator compared the back-translation to the original one for review possible discrepancies and made proper changes.
Validation and Reproducibility
For questionnaire validation, 50 patients (60% women, 42.3 mean age) with GERD (endoscopic or by abnormal ambulatory 24-hour pH [＜ 4%, ＞ 4.2%]) and 50 controls (matched by age and gender) were assessed. Patients were older than 18 years of age and had symptoms suggestive of GERD in the past 3 months. Patients presenting with alarm symptoms such as unintentional weight loss, severe or progressive dysphagia or gastrointestinal (GI) bleeding were excluded from participation. Controls were selected from a gastric cancer-screening program where asymptomatic subjects undergo upper GI endoscopy. All subjects completed questionnaires in 2 stages: assessment (1) prior to the endoscopy study, and assessment (2) between 7 and 15 days following the first evaluation, (usually when they attended for follow-up consultation). Between assessment 1 and 2 patients were instructed to do not use any medication.
Internal consistency was calculated using the Cronbach's  coefficient value for all six items. GERD diagnosis was considered positive if questionnaire score was ＞ 8. Reproducibility was measured by means of test-retest comparing answers from assessment 1 with answers from assessment 2 (McNemar's test). Discriminating validity between patients and controls was assessed by means of Pearson's  2 test. Content's validity, although it is not a statistical test, it is a wise analysis performed by specialists in the field about representation and relevance of proposed items for GerdQ. This analysis was conducted by 2 experts in the field (ARM and JMRT).
Gastroesophageal Reflux Disease Questionnaire's Clinical Usefulness
Patients
Three hundred consecutive patients with symptoms of reflux (heartburn or regurgitations) whom attended to 3 primary care centers were invited to participate in this study during the period between January 2011 and October 2012. Patients were older than 18 years of age and had symptoms suggestive of GERD in the past 3 months. Patients presenting with alarm symptoms such as unintentional weight loss, severe or progressive dysphagia or GI bleeding were excluded from participation.
Study protocol
All subjects were referred for assessment at the Laboratory of Digestive Physiology and Gastrointestinal Motility, Universidad Veracruzana, Veracruz, Mexico. Once the informed consent form was signed and voluntary acceptance from subjects was granted, the following study protocol was followed. Gastroesophageal reflux disease questionnaire. All subjects completed the Spanish validated GerdQ questionnaire at the baseline visit. 6 GerdQ was considered positive if the score was ＞ 8. Two out of the 6 items (5 and 6) assessed GERD impact on quality of life, and a score ＞ 3 in this subscale was related with higher impact of disease on subject's health. All questionnaires were administered and assessed by 2-blinded investigators (AAAJ and MAZG). Upper gastrointestinal endoscopy. All patients underwent conventional upper GI endoscopy (GIF-160, Olympus endoscopy, Tokyo, Japan) with sedation. Patients were classified as having erosive GERD when esophageal erosions were found, and the Los Angeles classification was used. 10 Endoscopists were blinded to results of the surveys previously administered to the patients.
Esophageal pH-metry. When patients had normal endoscopy, then they were scheduled for an ambulatory 24-hour esophageal pH-metry. All patients withdraw medications such as proton pump inhibitors, histamine H2 receptors blockers and antacids 7 days prior their procedure. After an overnight fasting, a pH catheter (previously calibrated with standard solutions at pH 1 and 7) was introduced through the nostrils and the tip of the probe was located 5 cm above the lower esophageal sphincter previously located with esophageal manometry. Once it has been introduced, the catheter was plugged in a portable digital recorder (Sandhill, Denver, Colorado, USA) and patients were instructed to record time of his/her symptoms (heartburn), fed and supine position. Patients were advised to keep their regular diet and to perform regular activities during the study. pH-metry was considered abnormal when percentage of total time with pH ＜ 4 was higher than 4.2%. 11 Symptoms index (SI) was calculated as the percentage of symptoms which occurred during acid reflux episodes (pH ＜ 4); it was considered positive if symptoms-reflux episodes correlation was ＞ 50%. 12 According to pH-metry, patients were classified in 3 groups: (1) patients with abnormal esophageal exposure to acid (% pH ＜ 4, ＞ 4.2 %), (2) patients with normal esophageal exposure to acid but SI positive (also called hypersensitive esophagus) and (3) patients with normal esophageal exposure to acid with SI negative (patients classified as functional heartburn.)
Statistical Methods
Absolute and relative frequencies were used to describe nominal variables. According to its distribution, we used mean and standard deviation, or median and ranges for continue variables. Considering that GerdQ questionnaire was positive when score was ＞ 8, diagnostic accuracy, sensitivity, specificity and predictive values were calculated taking into consideration as "as gold standards" the prior clinical diagnosis (made by a general practitioner), an abnormal endoscopy, an abnormal 24-hour pHmetry and combination of endoscopy and 24-hour pH-metry results. Comparison between proportions was performed using the  2 test, U of Mann-Whitney and Kruskal-Wallis when appropriate. Also, a multinomial logistic regression was performed. Statistical significance was established when P was ＜ 0.05.
Results
Validation and Reproducibility
Internal consistency measured by the Cronbach's coefficient for the 6 items completed was of 0.81 for patients and 0.90 for healthy controls, with a combined coefficient of 0.93. Reproducibility for GERD diagnosis between assessment 1 and 2 is shown in Table 2 . As shown in Table 2 , 86% of subjects had a score ＞ 8 in assessment 1 and 88% in assessment 2. McNemar's test showed that mismatch occurred was by chance (P = 1.000).
Regarding discriminating validity, as shown in Table 3 , in the baseline assessment (1) the questionnaire showed that only 2 (4%) of control subjects had a score ＞ 8 compared to 43 (86%) of patients with GERD (P = 0.000). Mean GerdQ value was 4 in controls and 11 in GERD patients (P = 0.001). Patients' distribution according to endoscopic findings and ambulatory 24-hour pH-metry. GERD, gastroesophageal reflux disease. Regarding the content analysis, the 2 experts agreed that questionnaire is an appropriate assessment GERD diagnosis, and questions were clear and adequate.
Clinical Usefulness Assessment
From a total of 300 assessed subjects who were invited to participate in the study, 252 (84%) completed the study protocol, and data was analyzed. There were 159 women (73%). Overall, the mean age and the mean BMI were 49.49 years (range from 18 to 92) and 26.5 ± 6.44 kg/m 2 , respectively. According to endoscopy findings, erosive GERD was found in 110 cases (44%) and 142 (56%) had non-erosive GERD (NERD). Seventy (49%) out of 142 patients with NERD had abnormal exposure to acid. Twenty (28%) patients out of 72 (51%) with negative pH-metry, were classified as "hypersensitive esophagus" and 52 (72%) with functional heartburn (Fig. 1) . Baseline characteristics among GERD groups are shown in Table 4 .
Overall, mean GerdQ score was 8 ± 3 points. Eleven subjects (4%) had scores from 0 to 2, 121 (48%) had score from 3 to 7, 54 (22%) from 8 to 11 and 66 (26%) higher than 11. Most of the patients with erosive GERD and NERD with abnormal pH- Figure 2 . Patients' distribution according to gastroesophageal reflux disease (GERD) phenotype and different gastroesophageal reflux disease questionnaire cut points. metry had scores ＞ 8, meanwhile most of the patients with functional heartburn and hypersensitive esophagus had scores ＜ 8 (Fig. 2) . Diagnostic accuracy, sensitivity, specificity, positive predictive values and negative predictive values for GerdQ compared with other diagnostics tests are shown in Table 5 .
One hundred and one patients (40%) had a score equal to or higher than 3 in the disease impact scale, 71 women and 30 male (P = 0.047). There were no age differences among patients whose score was ≥ 3 or ＜ 3 points in the impact scale (47.6 vs. 50.6 years, P = 0.175). Body mass index was similar in both groups (27 vs. 26.02 kg/m 2 , P = 0.438). Patients with erosive GERD were likely to have a score ＞ 3 in the impact sub-scale compared with patients with NERD (68% vs. 32%, P = 0.030). When a multinomial logistic regression was performed the only factor associated to the worst disease impact scale was the presence of erosive GERD (P = 0.003).
Discussion
In this study, we showed the results for the formal validation process for the GerdQ questionnaire in the Mexican population. GerdQ is an easy to use questionnaire that has been previously in Europe, USA and China. 6, 13 According to our results, Spanish validated version of GerdQ questionnaire was adequate and with excellent clinimetric properties such a very good consistency, reproducibility and discriminating capacity between healthy subjects and patients. These characteristics are essential to consider that a questionnaire can be a useful diagnostic tool.
Once the questionnaire was validated, we assess clinical usefulness of GerdQ in Mexican patients who sought first level care. Our results showed that their positive predictive value compared to the gold standard (endoscopy and positive pH-metry) was of 86%, which is considered to be very good. In general, it is important to have simple but useful diagnostic tools such as symptom questionnaires in the primary care level. Usually, general practitioners have the challenge to establish a diagnosis with limited resources, but a easy and prompt diagnosis allows to start treatment as soon as possible.
Although there are several diagnostic questionnaires, 3 GerdQ had some advantages including its simplicity, it allows to assess severity and frequency of symptoms, and have a disease's impact scale (quality of life). Our findings are very similar to those reported in validations and baseline evaluations of GerdQ in other populations. 6 For example, in the initial study where the questionnaire was developed (n = 308 subjects), a score ＞ 8 showed sensitivity and specificity of 64.6% and 71.4%, respectively, when compared with other clinical diagnosis tools such as the diagnosis made by the physician (gastroenterologists or general practitioner). In our study, sensitivity and specificity compared with former clinical diagnosis was of 54% and 72%, respectively. More recently, Jonasson et al, 14 in the validation study for questionnaire in 169 patients with GERD (93% erosive) found higher sensitivity (78%) with lower specificity (50%). This difference can be explained since in this study, authors were highly biased by referrals and prevalence of erosive GERD. Another explanation for this finding is that in the Norwegian health care system, it is mandatory to objectively check patients suffering from GERD (by means of endoscopy and/or pH-metry) in order to prescribe a proton pump inhibitor; therefore, many of the Jonasson study's patients certainly stopped their over the counter medication prior to this assessment. Therefore, our study compared to that of Jonasson, seems to have a representative sample of things happening at the primary care level where only about half of the patients have erosive GERD. However, in spite of differences that might exist, in our study as in the Jonasson's study, positive predictive values are very high (86.0% and 89.1%) when compared to the gold standards.
It is worth to emphasize that this questionnaire has been developed for routine use by general practitioner and its results are controversial when used in other populations. For instance, Lacy et al 15 assessed GerdQ diagnostic efficacy against 48-hour pH Bravo system, and showed this questionnaire was not enough to establish the GERD diagnosis. In another study conducted in our country, in a third level site in Mexico City 16 in 65 patients (mean age of 43 years) compared GerdQ questionnaire with pH-metry and 24-h impedance, sensitivity and specificity were shown to be limited by high prevalence of subjects with diagnosis of functional heartburn and by lack of endoscopic assessment. Both studies are biased regarding referral, since they were conducted in 3rd level sites where there is a high prevalence of refractory GERD and atypical onset; therefore, these samples are not representative of the population, which this GerdQ questionnaire is intended. 17 Regarding other frequently used questionnaires, in Mexico ReQuest and Carlsson-Dent have been used. In the study where Carlsson-Dent questionnaire was assessed for the diagnosis of GERD, it was administered to 86 patients with NERD and to 39 patients with erosive GERD. It was shown that compared with the 24-hour pH-metry and endoscopy, a score ＞ 4 in the questionnaire has a sensitivity of 88% and 94%, respectively. 18 This study was conducted in a third level of referral, and with a sample size much less assessed than in our study. Concerning studies conducted with ReQuest in Mexico, this tool has been used to measure symptoms intensity before and following dosing of pantoprazole magnesium; however, its diagnostic efficacy is unknown. 19 Interestingly, our study compared to other studies explored the diagnostics usefulness of GerdQ considering the different phenotypes of GERD and establishing thus, that most of the patients with erosive GERD and NERD with abnormal pHMetry had scores ＞ 8, meanwhile most of the patients with functional heartburn and hypersensitive esophagus had scores ＜ 8. That means there seems to be a relation indicating that the high score and higher likelihood of a more aggressive disease; meanwhile on the other hand patients with lower scores but with recurrent symptoms might belong to the spectrum of functional patients with GERD. Although the usefulness of GerdQ questionnaire among GERD subgroups is novel; it may be difficult to assure that erosive GERD is a more aggressive disease than NERD. Recently, NERD is considered a distinct entity with differences in epidemiology, pathophysiology, symptoms and therapeutic response. 12 Although it is difficult to explain differences among subgroups, it is possible that patients with a more functional presentation of GERD (hypersensitive esophagus and functional heartburn) also have more overlapping with other functional disorders such as functional dyspepsia. Thus, the presence of more severe dyspeptic symptoms is a negative predictor for GERD that may explain lower scores in the GerdQ questionnaire.
Finally, it is important to mention that although GerdQ represents a useful diagnostic tool, it should not be considered as the unique diagnostic test. It can be used as a baseline and/or complementary test if there are no alarm signs. Also, it can be used for monitoring the therapeutic effect of GERD treatments. In those patients with mild symptoms and response to proton pump inhibitors, no other test will be required; however, in case of lack of response, it would be the most appropriate to confirm GERD diagnosis, by means of pH-metry and/or endoscopy, as appropriate.
In Mexico, the GerdQ questionnaire Spanish validated version is useful for gastroesophageal reflux disease diagnosis in the primary care setting.
